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Background:	  Acute	  kidney	   injury	   is	  a	   common,	   complex	  and	  serious	  disorder,	  especially	   in	  
hospitalized	   patients.	   An	   increasingly	   cause	   of	   this	   disorder	   is	   ischemia.	   It	   is	   widely	  
recognized	   that	   this	   disease	   is	   associated	   with	   significantly	   increased	   morbidity	   and	  
mortality,	   especially	   in	   critically	   ill	   patients.	   Despite	   several	   advances	   in	   the	   treatment	   of	  
acute	   kidney	   injury,	   such	   as	   pharmacologic	   treatment	   and	   renal	   replacement	   therapy,	   the	  
mortality	  rate	  has	  changed	  very	  little	  over	  the	  past	  twenty	  years.	  	  
Objective:	  The	  aim	  of	  this	  review	  is	  to	  summarize	  the	  main	  pathophysiological	  pathways	  of	  
ischemic	  acute	  kidney	  injury,	  as	  well	  as	  what	  is	  known	  about	  its	  diagnosis	  and	  management,	  
including	  new	  therapeutic	  options.	  	  
Methods:	   Current	   literature	   on	   the	   definition,	   epidemiology,	   diagnosis,	   biomarkers	   and	  
management	  of	  ischemic	  acute	  kidney	  injury	  was	  selected	  by	  searching	  keywords	  in	  PubMed,	  
Google	  Schoolar	  and	  ISI	  Web	  of	  Knowledge	  data	  bases.	  
Conclusions:	  Current	  data	   indicate	  a	  close	   interaction	  between	  many	  cell	   types	   involved	   in	  
the	  pathophysiology	  of	  ischemic	  acute	  kidney	  injury.	  Inflammation	  seems	  to	  be	  the	  common	  
factor	   that	   connects	   the	   different	   cell	   types	   involved	   in	   this	   process.	   Therefore,	   therapy	  
targeting	   specific	   cell	   types	   can	   reduce	   the	   initial	   and	   further	   injury	   following	   ischemia,	  
thereby	   limiting	   the	   extent	   of	   acute	   changes	   and	   long-­‐term	   structural	   and	   functional	  
alterations	  to	  the	  kidney.	  Moreover,	  early	  treatment	  of	  acute	  kidney	  injury	  can	  be	  correlated	  
with	   a	   better	   outcome.	   Since	   the	   current	   biomarkers	   are	   not	   accurate	   enough	   to	   identify	  
initial	   phases	   of	   injury,	   finding	   biomarkers	   such	   as	   NGAL,	   cystatin	   c	   and	   KIM-­‐1,	   that	   can	  
stratify	  correctly	  the	  extent	  of	  renal	  damage	  of	  each	  patient	  as	  well	  as	  the	  risk	  of	  developing	  
chronic	   kidney	   disease,	   could	   improve	   outcomes.	   However,	   they	   have	   high	   variability	   and	  
more	   studies	   are	   needed	   to	   confirm	   these	   properties	   and	   to	   introduce	   these	   novel	  
biomarkers	  in	  the	  routine	  clinical	  practice.	  
	  
Key-­‐words:	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RESUMO	  	  
Introdução:	  A	  lesão	  renal	  aguda	  é	  uma	  doença	  frequente,	  complexa	  e	  séria,	  especialmente	  
em	  pacientes	  hospitalizados.	  Uma	  causa	  cada	  vez	  mais	  frequente	  é	  a	  isquemia.	  Esta	  doença	  
está	   associada	   a	   um	   aumento	   significativo	   na	  mortalidade	   e	  morbilidade,	   particularmente	  
em	   doentes	   críticos.	   Apesar	   dos	   diversos	   avanços	   no	   tratamento	   da	   lesão	   renal	   aguda	  
(terapia	  farmacológica	  e	  terapia	  de	  substituição	  renal),	  a	  taxa	  de	  mortalidade	  apenas	  sofreu	  
uma	  alteração	  ligeira	  nos	  últimos	  20	  anos.	  	  
Objetivo:	  O	  objetivo	  desta	  revisão	  é	  resumir	  as	  principais	  vias	  patofisiológicas	  da	  lesão	  renal	  
aguda	   isquémica,	   bem	   como	   o	   conhecimento	   atual	   relativo	   ao	   diagnostico	   e	   tratamento,	  
incluindo	  novas	  opçoes	  terapêuticas.	  
Métodos:	  Pesquisa	  nas	  bases	  de	  dados	  Pubmed,	  Google	  Schoolar	  and	  ISI	  Web	  of	  Knowledge	  
da	   literatura	   atual	   referente	   à	   definição,	   epidemiologia,	   diagnostico,	   biomarcadores	   e	  
tratamento	  da	  lesão	  renal	  aguda	  isquémica.	  
Conclusões:	   Estudos	   atuais	   indicam	   uma	   interação	   forte	   entre	   vários	   tipos	   de	   células	  
envolvidos	   na	   patofisiologia	   da	   lesão	   renal	   aguda	   isquémica.	   O	   fator	   que	   coneta	   os	  
diferentes	   tipos	   celulares	   envolvidos	   neste	   processo	   é	   a	   inflamação.	   Portanto,	   terapias	  
tendo	  como	  alvo	  células	  especificas	  podem	  dimuir	  a	  lesão	  renal	  inicial	  e	  futura,	  resultante	  da	  
isquemia,	   limitanto	   a	   extenção	   das	   alterações	   renais	   agudas	   e	   a	   longo	   prazo.	   Para	   além	  
disso,	  o	  seu	  tratamento	  precoce	  pode	  ser	  correlacionado	  com	  um	  melhor	  prognóstico.	  Visto	  
que	   os	   biomarcadores	   atuais	   não	   são	   precisos	   o	   suficiente	   para	   identificar	   a	   presença	   de	  
lesão	  nas	   suas	   fases	   iniciais,	   o	  desenvolvimento	  de	  novos	  biomarcadores	   como	  o	  NGAL,	   a	  
cistatina	  C	  e	  o	  KIM-­‐1,	  capazes	  de	  estratifcar	  correntamente	  a	  extensão	  dos	  danos	  renais	  em	  
cada	   paciente	   bem	   como	   o	   risco	   de	   desenvolvimento	   de	   doença	   renal	   crónica,	   poderá	  
melhorar	   o	   prognóstico.	   Contudo,	   estas	   moléculas	   possuem	   alta	   variabilidade,	   sendo	  
necessários	   mais	   estudos	   para	   confirmas	   as	   suas	   propriedades	   e	   introduzi-­‐los	   enquanto	  
novos	  marcadores	  na	  prática	  clínica	  de	  rotina.	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INTRODUCTION	  
Acute	  kidney	  injury	  (AKI)	  is	  defined	  as	  a	  sudden	  impairment	  of	  kidney	  function,	  that	  leads	  to	  
the	  accumulation	  of	  nitrogenous	  and	  other	  waste	  products	  normally	  cleared	  by	  the	  kidney1.	  	  
It	  involves	  a	  heterogeneous	  group	  of	  conditions	  with	  different	  ranges	  in	  severity,	  that	  have	  
in	  common	  an	  increase	  in	  the	  blood	  urea	  nitrogen	  (BUN)	  concentration	  and/or	  an	  increase	  
in	  the	  plasma	  creatinine	  concentration,	  often	  associated	  with	  a	  reduction	  in	  urine	  output.	  	  
Acute	  kidney	  injury	  (AKI)	  is	  a	  common	  clinical	  problem	  with	  increasing	  incidence	  worldwide	  
and	  high	  rates	  of	  mortality	  and	  morbidity,	  including	  progression	  do	  end-­‐stage	  chronic	  kidney	  
disease	   (CKD)2.	   It	   accounts	   for	   1%	   of	   general	   hospital	   admissions	   and	   supervenes	   as	   a	  
complication	   in	   around	   7%	   of	   all	   hospitalizations3.	   Despite	   the	   significant	   advances	   in	  
preventive	   strategies	   and	   critical	   care,	   the	  mortality	   rate	   of	   hospitalized	   patients	  with	  AKI	  
has	   remained	  high	   in	   the	   last	  decades	  and	  may	  exceed	  50%4	  5.	  Since	  early	   recognition	  and	  
treatment	  of	  AKI	  can	  be	  correlated	  with	  a	  better	  prognosis,	  it	  is	  crucial	  to	  develop	  and	  invest	  
in	  novel	  biomarkers	  and	  target	  therapies6.	  
Ischemic	  AKI	  represents	  one	  of	  the	  most	  frequent	  types	  of	  AKI	  at	  the	  intensive	  care	  unit	  and	  
results	   from	   a	   generalized	   or	   localized	   impairment	   of	   oxygen	   and	   nutrient	   delivery	   to	   the	  
different	  kidney	  cells.	  The	  goal	  of	   this	   review	   is	   to	  summarize	   the	  main	  pathophysiological	  
pathways	  of	  ischemic	  AKI,	  as	  well	  as	  what	  is	  known	  about	  the	  diagnosis	  and	  management	  of	  









This	   study	   has	   been	   undertaken	   as	   a	   narrative	   literature	   review	   based	   on	   publications	  
related	   to	   ischemic	   acute	   kidney	   injury.	   The	   goal	   of	   the	   review	   is	   to	   access	   narrative	   and	  
systemic	   literature	   	   reviews	   in	   order	   to	   obtain	   knowledge	   regarding	   the	   updates	   in	   the	  
pathophysiology,	   diagnostic	   and	   treatment	   practices	   of	   acute	   kidney	   injury.	  
These	   studies	   were	   identified	   by	   searching	   Pubmed,	   Google	   Schoolar	   and	   ISI	   Web	   of	  
Knowledge	  data	  bases,	  with	  the	  terms	  ACUTE	  KIDNEY	  INJURY	  and/or	  ISCHEMIA.	  Only	  articles	  
written	   in	   English	  were	   included.	   Other	   studies	   provient	   from	   the	   bibliography	   of	   studies	  
















DEFINITION	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
Acute	  kidney	  injury	  (AKI)	  is	  characterized	  by	  an	  abrupt	  impairment	  of	  kidney	  function,	  with	  a	  
decline	   in	   glomerular	   filtration	   rate	   (GFR)	   that	   leads	   to	   an	   increase	   and	   accumulation	   of	  
nitrogenous	   and	   other	   waste	   products,	   normally	   cleared	   by	   the	   kidneys7.	   AKI	   includes	   a	  
heterogeneous	  group	  of	  conditions	  with	  a	  spectrum	  that	  ranges	  from	  mild	  renal	  impairment	  
to	  severe	  renal	  failure1	  8	  9.	  However,	  these	  have	  common	  diagnostic	  features:	  an	  increase	  in	  
the	   blood	   urea	   nitrogen	   (BUN)	   concentration	   and/or	   an	   increase	   in	   the	   plasma	   or	   serum	  
creatinine	  (sCr)	  concentration	  often	  associated	  with	  oliguria	  or	  anuria7.	  
There	   were	   two	   analogous	   definitions	   for	   AKI	   (RIFLE	   and	   AKIN)	   based	   on	   SCr	   and	   urine	  
output.	   	   However,	   a	   single	   definition	   for	   clinical,	   research	   and	   public	   health	   proposes	   is	  
needed,	   and	   in	  2012	   the	  Kidney	  Disease:	   Improving	  Global	  Outcomes	   (KDIGO)	  proposed	  a	  
novel	  definition	  and	  classification	  of	  AKI10.	  
According	  to	  these	  guidelines,	  AKI	  is	  defined	  as	  any	  of	  the	  following	  criteria:	  
• Increase	  in	  SCr	  by	  0.3	  mg/dl	  within	  48	  hours	  
• Increase	   in	   SCr	   to	   1.5	   times	   from	   baseline,	   known	   or	   assumed	   to	   have	   occurred	  
within	  the	  prior	  7	  days	  or	  
• Urine	  volume	  inferior	  to	  0.5	  ml/kg/h	  for	  6	  hours1.	  	  	  
The	  current	  classification	  schemes	  (RIFLE,	  AKIN	  and	  KDIGO),	  however,	  have	  some	  issues.	  An	  
example	  of	  this	  fact	  is	  that	  they	  do	  not	  integrate	  novel	  kidney	  biomarkers	  for	  early	  diagnosis,	  
staging	  and	  predicting	  outcomes	  of	  AKI.	  Several	  studies	  have	  shown	  a	  subgroup	  of	  patients	  
with	  elevated	  levels	  of	  these	  biomarkers	  that	  did	  not	  have	  the	  conventional	  criteria	  for	  AKI	  
but	   have	   increased	   risk	   of	   RRT	   initiation	   and	   death.	   	   However,	   the	   variability	   of	   the	  
diagnostic	  performance	  of	  many	  of	   these	  novel	  biomarkers	  has	  been	  a	   challenge	   for	   their	  




AKI	   is	  a	  widespread	  problem	  of	  epidemic	   importance.	  The	  reported	   incidences	  of	  AKI	  
vary,	  and	  are	  confounded	  by	  differences	  in	  diagnosis,	  definition	  criteria	  or	  hospital	  discharge	  
codification11	   12.	   Nevertheless,	   a	   quick	   increase	   of	   its	   incidence	   is	   supported	   by	   evidence,	  
particularly	   among	   patients	   with	   acute	   illness	   and	   those	   undergoing	   major	   surgery.	   A	  
systematic	   review	   found	   that	  AKI	   occurred	   in	   one	   in	   five	   adults	   and	  one	   in	   three	   children	  
hospitalized	  with	  acute	  illness13.	  	  
In	  western	  countries,	  AKI	  accounts	  for	  1%	  of	  general	  hospital	  admissions	  and	  supervenes	  as	  
a	  complication	  in	  around	  7	  %	  of	  all	  hospitalizations14	  15.	  This,	  naturally,	  has	  a	  great	  impact	  in	  
health-­‐care	  costs	  and	  resource	  utilization.16	  Prerenal	  azotemia	  accounts	  for	  a	  major	  part	  of	  
community-­‐acquired	  AKI,	  followed	  by	  postrenal	  and	  intrinsic	  etiologies.	  Prerenal	  azotemia	  is	  
the	  major	  cause	  of	  hospital-­‐acquired	  AKI,	  but	  intrinsic	  injury	  is	  becoming	  more	  common.	  
Despite	   the	  advances	   in	  prevention	  and	  support	  measures,	  AKI	  continues	   to	  be	  associated	  
with	  high	   rates	  of	  mortality	  and	  morbidity,	  especially	   in	  patients	   in	   the	   intensive	  care	  unit	  
(ICU).	  In	  such	  patients,	  mortality	  rates	  can	  exceed	  50%.	  Although	  mortality	  rate	  is	  decreasing,	  
long-­‐term	  morbidity	   is	  a	  very	   important	   issue.	  Patients	  who	   require	  dialysis	  after	   recovery	  
from	  severe	  AKI,	  have	  an	  increased	  risk	  for	  the	  development	  of	  dialysis-­‐requiring	  end-­‐stage	  
kidney	  disease7.	  	  
	  
ETIOLOGY	  
Early	   recognition	  and	  treatment	  of	  AKI	   is	  crucial	   to	   improve	  the	  outcome.	  Once	   identified,	  
differentiating	  AKI’s	  subtype	  will	  help	  to	  address	  more	  effective	  diagnostic	  and	  management	  
modalities.	  
Etiology	   of	   AKI	   involves	   three	   major	   categories:	   pre-­‐renal,	   intrinsic	   and	   post-­‐renal,	   but	  
frequently	  is	  multi-­‐factorial17.	  
• Pre-­‐renal:	   caused	  by	   impaired	   renal	  perfusion,	  with	  an	  appropriate	   renal	   response	  
(presuming	  structurally	  normal	  kidneys)	  
• Intrinsic:	  induced	  by	  direct	  injury	  to	  renal	  parenchyma	  
• Post-­‐renal:	  consequence	  of	  obstruction	  to	  urinary	  outflow	  
Table	  I	  shows	  various	  clinical	  scenarios	  sorted	  into	  these	  3	  categories.	  
	  
PATHOPHYSIOLOGY	  –	  ISCHEMIC	  ACUTE	  KIDNEY	  INJURY	  
One	  important	  cause	  of	  AKI	  is	  ischemia,	  which	  can	  occur	  for	  several	  reasons,	  such	  as	  the	  use	  
of	   radiocontrast	   agents,	   vasoconstrictive	   drugs,	   trauma	  or	   sepsis.	   Isquemic	  AKI	   represents	  
one	  of	  the	  most	  frequent	  types	  of	  AKI	  at	  the	  ICU18.	  
Renal	   ischemia	   fundamentally	   affects	   the	   structure	   and	   function	   of	   the	   renal	   tubular	  
epithelium.	  Nevertheless,	  it	  also	  affects	  the	  interstitial	  space	  and	  the	  renal	  vasculature.	  
	  
Tubular	  cell	  dysfunction	  and	  damage	  
Following	   a	   reduction	   in	   kidney	   perfusion,	   epithelial	   cells	   become	   unable	   to	   maintain	  
adequate	  intracellular	  ATP	  for	  essential	  processes19.	  This	  depletion	  of	  ATP	  leads	  to	  cell	  injury	  
and,	  if	  severe	  enough,	  cell	  death.	  	  All	  segments	  of	  the	  nephron	  can	  be	  affected	  but	  proximal	  
tubular	  cells	  are	  the	  most	  commonly	  injured	  epithelial	  cells,	  because	  of	  their	  high	  metabolic	  
rate.	   The	   outer	   stripe	   of	   the	   S3	   segment	   of	   the	   nephron	   has	   also	   marked	   microvascular	  
hypoperfusion	  and	   congestion	  after	   injury	  because	  of	   the	  unique	  blood	   flow,	  and	   this	   can	  
persist	   and	  mediate	   continued	   ischemia	   even	   when	   cortical	   blood	   flow	   have	   returned	   to	  
near	   normal	   levels19.	   Endothelial	   cell	   injury	   and	   dysfunction	   are	   responsible	   for	   this	  
phenomenon,	  known	  as	  the	  extension	  phase	  of	  AKI20.	  Other	  morphological	  changes	  include	  
epithelial	  cell	  flattening,	  nuclear	  loss	  and	  loss	  of	  brush	  border	  of	  proximal	  tubular	  cells	  21.	  
The	  morphologic	  changes	  described	  previously	   lead	   to	  epithelial	   cell	  detachment	   from	  the	  
basement	   membrane,	   which	   then	   tend	   to	   accumulate	   within	   the	   tubular	   lumen	   forming	  
granular	  casts	  with	  the	  potential	  to	  block	  the	  tubular	  flow	  and	  to	  reduce	  GFR	  in	  that	  function	  
unit19.	  
	  
Cytoskeletal	  and	  structural	  changes	  
The	  integrity	  of	  the	  cytoskeleton	  is	  essential	  for	  proximal	  tubular	  cells,	  because	  amplification	  
of	   the	  apical	  membrane	  by	  microvilli	   is	  crucial	   for	  normal	  cell	   function19.	  Depletion	  of	  ATP	  
leads	   to	  quick	  disruption	  of	  apical	   F-­‐actin	  by	  depolymerization	  mediated	   in	  part	  by	   cofilin,	  
and	  redistribution	  of	  the	  cytoskeletal	  F-­‐actin	  core.	  This	  disruption	  will	  cause	  instability	  of	  the	  
surface	  membrane	  and	  formation	  of	  membrane-­‐bound	  extracellular	  vesicles,	  which	  can	  be	  
either	  expelled	   into	  the	  tubular	   lumen	  or	   internalized	  to	  be	  recycled22	  23.	  The	  disruption	  of	  
the	   actin	   cytoskeleton	   also	   contributes	   to	   the	   loss	   of	   adherent	   and	   tight	   junctions.	   Then	  
there’s	  an	   increase	   in	  paracellular	  permeability	  and	  backleak	  of	  the	  glomerular	  filtrate	   into	  
the	  interstitium24.	  
During	   ischemia,	   the	   disruption	  of	   the	   action	   cytoskeleton	   also	   causes	   loss	   of	   cell	   polarity	  
and	  function,	  with	  decreased	  reabsorption	  of	  sodium	  and	  water	   from	  the	  tubular	   lumen25.	  
Due	  to	  decreased	  sodium	  reabsorption,	  distal	  segments	  of	  the	  tubule	  become	  activated	  and	  
send	   signals	   to	   induce	   afferent	   arteriolar	   vasoconstriction	   (tubulo-­‐glomerular	   feedback)26.	  
Together,	   all	   of	   these	   mechanisms	   contribute	   to	   a	   significance	   reduction	   in	   glomerular	  
filtration	  rate27.	  
	  
Apoptosis	  and	  necrosis	  
After	  an	  ischemic	  event,	  the	  extent	  of	  injury	  will	  determine	  if	  epithelial	  cells	  will	  be	  able	  to	  
recovery	   or	   undergo	   apoptosis	   or	   necrosis.	   Several	   apoptotic	   pathways,	   including	   the	  
intrinsic	   (Bcl-­‐2	   family,	   cytochrome	   c,	   caspase-­‐9),	   extrinsic	   (FAS,	   FADD,	   caspase-­‐8)	   and	  
regulatory	   (p53	   and	   nuclear	   factor	   κB),	   appear	   to	   be	   activated	   during	   ischemic	   AKI.	  
Concentrations	  of	  proapoptotic	   (BAX,	  BAD	  and	  BID)	  and	  antiapoptotic	   (Bcl-­‐2	  and	  Bcl-­‐2-­‐like	  
protein	  1)	  members	  of	  the	  Bcl-­‐2	  family	  influence	  cell	  survival19.	  
Decrease	  of	  cellular	  production	  of	  ATP	  that	  occurs	  in	  ischemia	  increases	  cytoplasmic	  calcium	  
load.	   This	   activates	   proteases,	   phospholipases	   and	   caspases,	   leading	   to	  
degradation/destabilization	  of	  certain	  proteins	  and	  cell	  membrane	  phospholipids28.	  
Depletion	  of	  ATP	   also	   leads	   to	   cellular	   accumulation	  of	   hypoxanthine	   and	   reactive	  oxygen	  
species	  (ROS),	  further	  increasing	  cell	  damage28.	  These	  molecules	  can	  damage	  cells	  by	  several	  
ways,	  including	  peroxidation	  of	  lipids	  in	  the	  plasma	  membrane	  and	  intracellular	  membranes,	  
and	   destabilization	   of	   cytoskeletal	   proteins	   and	   integrins	   required	   to	   maintain	   cell–cell	  
adhesion.	  Another	  property	  of	  ROS	  is	  their	  vasoconstrictive	  effects	  by	  scavenging	  NO29.	  
	  
Inflammation	  
Post-­‐ischemic	   inflammation	   contributes	   to	   tissue	   damage	   and	   repair	   in	   AKI:	   Ischemia	  
induces	   endothelial	   upregulation	   of	   cell	   adhesion	  molecules	   such	   as	   E-­‐selectin,	   P-­‐selectin.	  
ICAM-­‐1	  and	  -­‐2,	  CD99	  and	  proteins	  of	  the	  junctional	  adhesion	  molecule	  family30.	  Additionally,	  
ischemia	   also	   promotes	   downregulation	   of	   thrombomodulin.	   	   Subsequently,	   various	  
leukocytes	  migrate	   to	   the	   activated	   vascular	   endothelium.	   The	   first	   cells	   to	   accumulate	   at	  
the	   site	   of	   ischemic	   injury	   are	   neutrophils31.	   Depletion	   of	   neutrophils	   or	   changes	   in	   their	  
function	   provides	   only	   partial	   protection	   against	   tissue	   injury,	   suggesting	   that	   other	  
leukocytes	  also	  mediate	  injury,	  such	  as	  macrophages,	  B	  cells	  and	  T	  cells32.	  
Endothelial	   injury	   increases	   endothelin-­‐1’s	   production	   and	   decreases	   endothelium-­‐derived	  
nitric	   oxide	   synthase.	   This	   enzyme	   induces	   vasoconstriction	   and	   platelet	   aggregation,	  
promoting	  a	  hypercoagulable	  state.	  The	  combination	  of	   leukocyte	  adhesion	  and	  activation,	  
platelet	   aggregation,	   and	   endothelial	   injury	   is	   the	   basis	   for	   vascular	   congestion	   of	   the	  
cortical	   and	   medullary	   microvasculature.	   Tubular	   epithelial	   and	   vascular	   endothelial	   cells	  
then	   release	   inflammatory	   cytokines,	   which	   induce	   and	   perpetuate	   inflammation2	   33.	   The	  
main	  cytokines	  in	  this	  process	  are	  IL-­‐6	  and	  IRF-­‐1	  34-­‐36.	  	  
There	  are	  plenty	  of	   immune	  cells	  activated	  in	   ischemic	  AKI,	   including	  neutrophils,	  T	  cells,	  B	  
cells	   and	   macrophages.	   However,	   studies	   that	   have	   evaluated	   the	   role	   of	   these	   cell	  
populations	   in	   ischemic	   AKI	   have	   been	   conflicting37.	   Macrophages	   infiltrate	   the	   post-­‐
ischemic	   kidney	   and	   contribute	   to	   renal	   fibrosis	   in	   AKI38.	   Nevertheless,	   it	   was	   also	  
demonstrated	  that	  they	  can	  differentiate	  into	  an	  anti-­‐inflammatory	  M2	  phenotype,	  thereby	  
promoting	   renal	   tissue	   repair	   after	   ischemia37.	   Li	   et	   al.39	   shown	   the	   essential	   role	   of	  
neutrophils	  and	  natural	  killer	  cells	  in	  the	  innate	  immune	  response	  to	  renal	  ischemic	  injury	  by	  
mediating	   neutrophil	   infiltration	   and	   production	   of	   interferon	   gamma.	  	  
Some	   investigations	   also	   have	   demonstrated	   that	   T	   cells	   can	   directly	   contribute	   to	   the	  
increased	  vascular	  permeability,	  probably	  through	  the	  production	  of	  cytokines	  such	  as	  TNF	  
and	  interferon	  gamma40.	  
	  
DIAGNOSIS	  
AKI’s	   clinical	   evaluation	   includes	   a	   detailed	   history	   and	   physical	   examination.	   There’s	   no	  
specific	  symptom	  or	  sign	  for	  AKI	  and	  the	  diagnosis	  of	  AKI	   is	  usually	  made	  in	  the	  context	  of	  
another	   acute	   illness.	   	   Oliguria	   is	   the	   most	   common	   sign.	   However,	   it	   is	   not	   sensitive	   or	  
specific41.	  	  
It	   is	   important	  to	  access	  risk	   factors	   that	  correlate	  with	  the	  outcome	  of	  AKI.	  These	   include	  
advance	  age,	  male	  gender,	  African	  American	  ethnicity	  and	  diabetes	  mellitus.	  	  However,	  the	  
most	  important	  risk	  factor	  is	  preexisting	  chronic	  kidney	  disease	  (CKD).	  Besides	  increasing	  the	  
risk	  for	  AKI,	  CKD	  is	  a	  predictor	  of	  postoperative	  AKI	  and	  poor	  surgical	  outcomes.	  	  
Serum	  creatinine	  (sCr)	  concentrations	  and	  urea	  plasmatic	  concentrations	  are	  the	  most	  used	  
parameters.	   If	   sCr	   is	   increased,	   it	   is	   essential	   to	   investigate	   other	   hypothesis	   beyond	   AKI,	  
such	  as	  a	  chronic	  disease	  or	  an	  acute	   illness	  superimposed	  on	  a	  chronic	  disease.	  There	  are	  
some	  features	  that	  suggest	  the	  presence	  of	  CKD,	  such	  as	  abnormal	  sCr	  concentrations	  prior	  
to	  presentation,	   some	   risk	   factors	   (e.g.	   hypertension	  or	  diabetes)	   and	  normocytic	   anemia.	  





sCr	   and	   GFR	   are	   the	   main	   clinical	   parameters	   used	   to	   diagnose	   AKI,	   together	   with	   urea,	  
fractional	  excretion	  of	  sodium	  and	  proteinuria.	  
Creatinine	   is	   the	   standard	   serologic	  marker	   used	   to	   detect	   AKI43.	   However,	   creatinine	   is	   a	  
poor	  biomarker	  of	  AKI	  because	   its	  serum	  concentration	   is	   influenced	  by	  various	  extrarenal	  
factors	  including	  age,	  race,	  sex,	  body	  weight	  and	  muscle	  mass.	  Moreover,	  substantial	  rises	  in	  
SCr	  are	  often	  not	  seen	  until	  one	  or	  two	  days	  after	  the	   initial	   insult	   to	  kidney10	   .	  Therefore,	  
the	   diagnosis	   solely	   based	   on	   sCr	   is	   usually	   delayed	   and	   it	   makes	   it	   the	   treatment	   and	  
recovery	  more	  difficult	  to	  achieve.	  Particularly	  in	  the	  case	  of	  ischemic	  AKI,	  BUN	  and	  sCr	  are	  
functional	   biomarkers	   of	   glomerular	   filtration	   rather	   than	   tissue	   injury	   biomarkers	   and,	  
therefore,	  may	  be	  suboptimal	  for	  the	  diagnosis	  of	  actual	  parenchymal	  kidney	  damage.	  	  
The	   quest	   for	   an	   ideal	   biomarker	   for	   the	   diagnosis	   of	   AKI	   is	   still	   ongoing.	   	   It	   should	   have	  
excellent	  accuracy	  for	  the	  early	  diagnosis	  and	  differential	  diagnosis	  of	  AKI	  and	  represent	  an	  
independent	  predictor	  of	  renal	  survival	  and	  patient	  mortality44.	  
	  
NOVEL	  BIOMARKERS	  
Over	   the	   past	   decade,	   the	   discovery	   of	   new	   possible	   biomarkers	   has	   gained	   significant	  
interest.	   Early	   treatment	   of	   AKI	   can	   be	   associated	   with	   a	   better	   prognosis	   and	   the	  
identification	   of	   biomarkers	   for	   early	   diagnosis	   can	   improve	   treatment6.	   Finding	   patients	  
who	  are	  at	  high	  risk	  for	  developing	  AKI	  can	  stimulate	  an	  early	  approach,	  and	  new	  biomarkers	  
may	  better	  stratify	  the	  risk	  and	  reduce	  the	  occurrence	  of	  CKD45.	  
More	   than	   20	   AKI	   biomarkers	   have	   already	   been	   studied	   and	   are	   extremely	   valuable,	  
especially	  in	  ischemic	  injury,	  both	  experimentally	  and	  in	  clinical	  settings	  in	  which	  ischemia	  is	  
common,	   as	   in	   sepsis	   and	   in	   cardiopulmonary	  bypass6.	  Among	   the	  most	   studied	  emerging	  
biomarkers,	  the	  most	  important	  identified	  so	  far	  are:	  NGAL,	  IL-­‐18,	  KIM-­‐1,	  cystatin-­‐	  C,	  L-­‐FABP,	  
NAG,	  netrin-­‐1,	  vanin-­‐1	  and	  MCP-­‐143.	  NGAL	  and	  L-­‐FABP,	  and	  KIM-­‐1	  and	  IL-­‐18	  (identified	  later,	  
but	  with	  improved	  specificity).	  	  
The	  most	  frequently	  studied	  are	  NGAL	  and	  Cystatin	  C.	  These	  seem	  to	  change	  earlier	  than	  sCr	  
concentration	   and	   reflect	   different	   aspects	   of	   renal	   injury.	   For	   example,	   Cystatin	   C	  
concentration	   is	   related	   to	   changes	   in	   GFR46;	   concentration	   of	   NGAL	   is	   related	   to	   tubular	  
stress	  or	   injury47.	  Since	  they	  change	  with	  treatment	  and	  recovery,	   it	   is	  suggested	  that	  they	  
can	  also	  be	  used	  to	  monitor	   interventions48.	   In	  addition,	   they	  can	  distinguish	  a	  majority	  of	  
patients	   who	   do	   not	   have	   AKI	   according	   to	   creatinine-­‐based	   criteria,	   but	   actually	   have	   a	  
degree	  of	  kidney	  stress	  or	  injury	  that	  is	  associated	  with	  worse	  prognosis49.	  
	  
NGAL	  
NGAL	  is	  a	  widely	  expressed	  25-­‐kD	  protein	  of	  the	  lipocalin	  family	  50.	  	  This	  protein	  is	  secreted	  
in	   vitro	   by	   proximal	   tubule	   cells	   as	   a	   response	   to	   ATP	   depletion,	   but	   in	   vivo	   studies	   have	  
suggested	  that	  the	  thick	  ascending	  limb	  as	  well	  as	  the	  collecting	  duct	  are	  preferred	  sites	  of	  
intrarenal	  production51.	  Elevated	   levels	  of	  NGAL	  are	  detectable	   in	   the	  urine	  within	  3	  hours	  
after	   kidney	   injury.	   Plasma	   NGAL	   production	   also	   increases	   after	   AKI	   because	   of	   the	  
increased	  hepatic	  production51.	  	  
A	   recent	  meta-­‐analysis	   has	   demonstrated	   that	   serum	   and	   urine	   NGAL	   levels	   are	   not	   only	  
diagnostic	   of	   AKI,	   but	   that	   they	   also	   predict	   the	   clinical	   outcomes,	   such	   as	   the	   need	   for	  
initiation	   of	   dialysis	   and	   mortality49.	   Studies	   in	   rodents	   have	   showed	   that	   parental	  
administration	  of	  holo	  –	  NGAL	  protects	  the	  kidney	  from	  ischemia-­‐reperfusion	  injury,	  through	  
the	  decrease	  of	  the	  apoptotic	  tubular	  epithelial	  cells	  as	  well	  as	  an	  increase	  in	  the	  amount	  of	  
proliferating	   epithelial	   cells.	   	   Another	   action	   of	   holo-­‐NGAL	   is	   the	   upregulation	   of	   the	  
renoprotective	  enzyme	  heme	  oxygenase-­‐152.	   Together,	   these	   studies	   suggested	   that	  NGAL	  
improves	  the	  ability	  of	  the	  damaged	  kidney	  to	  recover	  from	  injury53.	  
	  
Cystatin	  C	  
Cystatin	  C	  is	  a	  cysteine	  protease	  inhibitor	  synthesed	  in	  all	  nucleated	  cells	  in	  the	  body43.	  It	  is	  
now	   considered	   a	   superior	   marker	   when	   compared	   with	   sCr54.	   Since	   cystatin	   C	   is	   fully	  
reabsorbed	  and	  not	  secreted	  under	  normal	  circumstances,	  the	  urinary	  excretion	  of	  Cystatin	  
C	  protein	  correlates	  with	  the	  severity	  of	  acute	  tubular	  injury.	  Another	  advantage	  compared	  
to	   sCr	   is	   that	   its	   concentration	   is	   not	   affected	   by	   age,	   race,	   gender	   or	   muscle	   mass.	  
Prospective	  studies	  showed	  that	  the	  increase	  of	  cystatin	  C	  precedes	  in	  one	  or	  two	  days	  the	  
increase	  of	  sCr.	  
It	   is	   still	   unclear	  whether	   the	   clinical	   value	   of	   cystatin	   C	   is	   transversal	   to	   all	   forms	   of	   AKI.	  
Indeed,	   in	   conditions	   such	   as	   obesity,	   inflammation,	   thyroid	   dysfunction	   and	   the	   use	   of	  
corticosteroids,	  cystatin	  C	  levels	  may	  be	  abnormally	  e	  elevated55.	  
	  
KIM-­‐1	  
KIM-­‐1	   (kidney	   injury	   molecule-­‐1)	   is	   a	   type	   1	   transmembrane	   protein	   that	   is	   abundantly	  
expressed	   in	   the	   proximal	   tubular	   cells	   injured	   by	   ischemia	   or	   nephrotoxins7.	   It	   is	   not	  
expressed	  in	  appreciable	  quantities	  in	  the	  absence	  of	  tubular	  injury	  or	  in	  extrarenal	  tissues.	  
Its	  functional	  role	  may	  be	  to	  stimulate	  phagocytic	  properties	  in	  tubular	  cells,	  enabling	  them	  
to	  clear	  debris	  from	  the	  tubular	  lumen	  after	  kidney	  injury56.	  Therefore,	  it	  has	  been	  suggested	  
that	  KIM-­‐1	  may	  play	  a	  role	  in	  renal	  recovery	  and	  repair	  after	  AKI,	  which	  is	  supported	  by	  the	  
late	   timing	   of	   peak	   changes	   in	   urine	   KIM-­‐1	   (2-­‐3	   days	   after	   injury)56	   57.	   However,	   studies	  
evaluating	   its	   prognostic	   value	  have	   reported	  only	  modest	   results58	  59.	   Another	   problem	   is	  
that	   the	   increase	  of	   urinary	  KIM-­‐1,	   besides	   suggesting	   injury,	   can	   also	   translate	   the	   repair	  




IL-­‐18	   is	  a	  proinflammatory	  cytokine	  that	   increases	  after	   ischemia-­‐induced	  renal	   injury60.	   IL-­‐
18	   appears	   to	   have	   an	   important	   role	   in	   the	   inflammatory	   processes	   responsible	   for	   the	  
exacerbation	  of	  renal	  injury	  during	  the	  extension	  phase	  of	  AKI.	   	  Animal	  models	  of	  AKI	  have	  
demonstrated	  that	  the	  use	  of	  therapies	  that	  disrupt	  the	  IL-­‐18-­‐signaling	  pathway	  attenuates	  
renal	   injury60.	   One	   option	   for	   that	   is	   exogenous	   IL-­‐18	   binding	   protein,	   which	   have	   shown	  
protective	   renal	   features60	  61.	   Unfortunately	   IL-­‐18	   levels	   also	   increase	   in	   other	   conditions,	  
such	  as	  inflammatory	  bowel	  disease,	  psoriasis,	  hepatitis,	  inflammatory	  arthritis	  and	  systemic	  
lupus	  erythematosus,	  which	  may	  limit	  its	  sensitivity	  and	  specificity43.	  
	  
To	   date,	   several	   other	   biomarkers	   such	   as	   microalbumin,	   N-­‐acetyl-­‐ß-­‐D-­‐glucosaminidase,	  	  
nestin	   and	   liver	   fatty	   acid-­‐binding	   protein	   have	   been	   studied	   for	   the	   diagnosis,	   severity	  
evaluation	  and,	  most	  importantly,	  the	  modification	  of	  the	  outcome	  in	  AKI62.	  However,	  more	  
clinical	   studies	   are	   needed	   to	   prove	   the	   true	   superiority	   and	   cost	   effectivity	   of	   novel	  




Prevention	  and	  treatment	  of	  AKI	  is	  an	  important	  clinical	  issue,	  as	  mortality	  in	  patients	  with	  
AKI,	   despite	   substantial	   advances	   in	   techniques	   of	   resuscitation	   and	   renal	   replacement	  
therapy,	  remains	  alarmingly	  high63.	  	  
Treatment	  approaches	  for	  AKI	  vary	  according	  to	  the	  type	  of	  insult	  and,	  therefore,	  it	  is	  crucial	  
to	   identify	   and	   treat	   the	   underlying	   illnesses17.	   Besides	   supportive	   care	   and	   treatment	   of	  
underlying	  medical	  conditions,	  no	  specific	  therapeutic	  agent	  has	  been	  shown	  to	  be	  effective	  
in	   the	   treatment	   of	   ischemic	   AKI64.	   Therefore,	   risk	   factors	   for	   renal	   ischemia	   should	   be	  
identified	   and	   treated	   promptly,	   in	   order	   to	   limit	   further	   injury	   and	   prevent	   systemic	  
complications65.	  
Patients	  with	  acute	  kidney	  injury	  usually	  should	  be	  hospitalized	  unless	  the	  condition	  is	  mild	  
and	   clearly	   resulting	   from	   an	   easily	   reversible	   cause66.	   General	   therapies	   include	  
optimization	   of	   hemodynamic	   status,	   correction	   of	   fluid	   and	   electrolyte	   imbalances,	  
discontinuation	   of	   nephrotoxic	  medications	   (e.g.	   ACE	   inhibitors,	   NSAIDs,	   aminoglycosides)	  
and	   dose	   adjustment	   of	   administered	   medications7.	   It	   is	   also	   important	   to	   avoid	   volume	  
overload	   and	   hyperkalemia.	   Large	   multicenter	   studies	   have	   shown	   that	   a	   positive	   fluid	  
balance	   is	   an	   important	   factor	   associated	   with	   increased	   60-­‐day	   mortality67.	   Intake	   of	  
sodium,	  phosphate	  and	  potassium	  should	  be	  restricted	  but,	  occasionally,	  hypophosphatemia	  
and	   hypokalemia	   may	   occur	   and	   supplements	   may	   be	   required65.	   Volume	   expansion	   is	  
required	   when	   pre-­‐renal	   azotemia	   co-­‐exists.	   In	   the	   absence	   of	   hemorrhagic	   shock	   it	   is	  
preferable	   to	   use	   isotonic	   crystalloids	   rather	   than	   colloids	   as	   initial	   management	   for	  
expansion	  of	  intravascular	  volume1.	  
Diuretics	  are	  often	  used	   to	   facilitate	   fluid	  management	  and	  convert	  oliguric	   to	  nonoliguric	  
AKI,	  since	  nonoliguric	  AKI	  has	  a	  better	  prognosis68.	   	  However,	  diuretics	  can	  also	  be	  harmful	  
since	   they	  can	   reduce	   the	  circulating	  volume	  excessively,	   thereby	  adding	  a	  prerenal	   insult,	  
worsening	  established	  AKI.	  Loop	  diuretics	  may	  decrease	  oxygen	  consumption	  in	  the	  loop	  of	  
Henle	  by	   inhibiting	  sodium	  transport,	   thus	  potentially	   lessening	   ischemic	   injury.	  Therefore,	  
furosemide	   might	   protect	   against	   ischemic	   injury.	   However,	   there	   are	   only	   minimal	   data	  
supporting	  this	  theory,	  and	  there	  is	  some	  evidence	  that	  its	  use	  to	  prevent	  or	  treat	  AKI	  may	  
be	  harmful.	   Indeed,	  unless	   in	   the	  presence	  of	  volume	  overload,	   the	  use	  of	  diuretics	   is	  not	  
recommended	  to	  prevent	  or	  treat	  AKI69.	  	  
The	   use	   of	   dopamine	   as	   vasodilator	   is	   not	   recommended.	   Although	   administration	   of	   low	  
dose	  dopamine	  to	  healthy	  individuals	  causes	  renal	  vasodilatation,	  natriuresis,	  and	  increases	  
GFR,	   several	   studies	   showed	  no	  effect	  on	   renal	   function,	  need	   for	  dialysis,	   ICU	  or	  hospital	  
length	   of	   stay	   (LOS),	   or	  mortality	   in	  AKI	   patients70.	   Similarly,	   atrial	   natriuretic	   peptide	   and	  
mannitol	  do	  not	  ameliorate	  AKI1.	  
In	   AKI,	   hyperglycemia	   is	   common	   due	   to	   peripheral	   insulin	   resistance71.	   In	   critically	   ill	  
patients	  insulin	  therapy	  is	  recommended,	  targeting	  plasma	  glucose	  to	  110–149	  mg/dl	  (6.1–
8.3	  mmol/l)72.	  	  
Malnutrition	   is	  associated	  with	   increased	  complications	  and	  mortality	   in	  patients	  with	  AKI,	  
so	  adequate	  nutrition	  should	  be	  provided.	  It	  is	  recommended	  a	  total	  energy	  intake	  of	  20-­‐30	  
kcal/kg/d	   in	  patients	  with	  any	   stage	  of	  AKI73.	   The	  amount	  of	  proteins	   suggested	   is	  0.8–1.0	  
g/kg/d	  of	   protein	   in	  noncatabolic	  AKI	   patients	  without	  need	   for	   dialysis,	   1.0–1.5	   g/kg/d	   in	  
patients	  with	  AKI	  on	  RRT	  (2D),	  and	  up	  to	  a	  maximum	  of	  1.7	  g/kg/d	  in	  patients	  on	  continuous	  
renal	   replacement	   therapy	   (CRRT)	  and	   in	  hypercatabolic	  patients.	   (2D).	  Enteral	  nutrition	   is	  
preferred	   when	   possible	   because	   it	   maintains	   the	   integrity	   of	   the	   gut,	   requires	   less	   fluid	  
intake,	   and	   is	   less	   expensive73.	   Furthermore,	   AKI	   is	   a	  major	   risk	   factor	   for	   gastrointestinal	  
bleeding1.	   Enteral	   nutrition	   should	   exert	   protective	   effects	   on	   the	   risk	   of	   stress	   ulcers	   or	  
hemorrhage.	   It	   has	   been	   shown	   that	   enteral	   feeding	   is	   associated	   with	   improved	  
outcome/survival	  in	  ICU	  patients74.	  
Recovery	   from	   AKI	   involves	   increased	   expression	   of	   several	   growth	   factors.	   Experimental	  
studies	   have	   yielded	   promising	   results	  with	   individual	   growth	   factors	   including	   insulin-­‐like	  
growth	  factor-­‐1	  (IGF-­‐1),	  hepatic	  growth	  factor,	  and,	  more	  recently,	  erythropoietin75.	  	  IGF-­‐1	  is	  
a	   peptide	   with	   renal	   vasodilatory,	   mitogenic	   and	   anabolic	   properties,	   which	   has	   been	  
demonstrated	  to	  accelerate	  the	  recovery	  of	  renal	  function	  in	  several	  animal	  models	  of	  AKI.	  
However	  it	  wasn’t	  observed	  in	  humans76.	  Erythropoietin	  may	  have	  renoprotective	  effect	  via	  
its	   antiapoptotic	   and	   antioxidative	   effects,	   stimulation	   of	   cell	   proliferation	   and	   stem-­‐cell	  
mobilization.	   However,	   the	   usefulness	   of	   erythropoietin	   in	   human	   AKI	   should	   be	   further	  
investigated	  in	  the	  future.	  
Patients	  with	  ischemic	  AKI	  are	  at	  high	  risk	  of	  recurrent	  renal	  damage,	  volume	  depletion	  and	  
hypotension.	   Therefore,	   administration	   of	   NSAIDs,nephrotoxic	   drugs	   and	   radiocontrast	  
agents,	  unnecessary	  anesthesia	  or	  surgery	  should	  be	  avoided65.	  
	  
Vasopressors	  
Sepsis	  and	  septic	  shock	  are	  major	  contributing	  factors	  to	  AKI	  and	  success	  has	  been	  limited	  in	  
improving	   the	   outcome	   of	   this	   complication77.	   	   Septic	   shock	   is	   the	   prototype	   of	   a	   high	  
output–low	  resistance	  condition,	  although	  severe	  pancreatitis,	  anaphylaxis,	  burns,	  and	  liver	  
failure	   share	   similar	   physiologic	   alterations.	   Persistent	   hypotension,	   despite	   ongoing	  
aggressive	   fluid	  resuscitation	  or	  after	  optimization	  of	   intravascular	  volume	   in	  patients	  with	  
shock,	  increases	  the	  risk	  of	  development	  of	  AKI78.	  It	  is	  not	  known	  which	  vasopressor	  agent	  is	  
most	  effective	  in	  this	  setting.	  
	  
RRT	  
RRT	   is	   an	   option	   for	   the	   treatment	   of	   AKI	   with	   the	   following	   goals:	   to	   maintain	   fluid,	  
electrolyte	  and	  acid-­‐base	  homeostasis;	  to	  prevent	  further	  lesions;	  to	  allow	  renal	  recovery;	  to	  
permit	  other	  supportive	  measures,	  such	  as	  nutrition	  feeding	  or	  antibiotics	  administration,	  to	  
proceed	  without	  limitation	  or	  complication.	  
	  
Whether	  or	  not	   to	  provide	  RRT,	  and	  when	   to	   start,	   are	   two	  of	   the	   fundamental	  questions	  
facing	  nephrologists	   in	  most	  cases	  of	   severe	  AKI79.	  The	  optimal	   timing	  of	  dialysis	   for	  AKI	   is	  
not	   defined.	   In	   current	   practice,	   the	   decision	   to	   start	   RRT	   is	   based	  most	   often	   on	   clinical	  
features	  of	  volume	  overload	  and	  biochemical	  parameters	  of	   solute	  and	  acid-­‐base	  balance.	  
RRT	  should	  be	  initiated	  to	  reduce	  the	  systemic	  complications	  of	  prolonged	  AKI	  and	  to	  allow	  
time	   for	   the	   renal	   injury	   to	   repair80.	   It	   is	   widely	   accepted	   that	   patients	   with	   severe	  
hyperkalemia,	   severe	   acidosis,	   pulmonary	   edema,	   and	   uremic	   complications	   should	   be	  
dialyzed	  emergently81.	  	  However,	  if	  these	  factors	  are	  absent	  there	  is	  generally	  a	  tendency	  to	  
avoid	  dialysis	  as	   long	  as	  possible.	  This	  decision	  is	  based	  on	  the	  well-­‐known	  risks	  associated	  
with	   the	   therapy,	   such	   as	   hypotension,	   arrhythmia	   and	   complications	   of	   vascular	   access.	  
There	   is	   also	   some	   concern	   that	   RRT	   may	   compromise	   recovery	   of	   renal	   function,	   and	  
increase	   the	   progression	   of	   CKD82.	  Nevertheless,	  many	   patients	   requiring	   RRT	  will	   recover	  
enough	  function	  not	  to	  require	  long-­‐term	  RRT1.	  
	  It	   is	   crucial	   to	   analyze	   the	   clinical	   context,	   the	   severity	   of	   the	   disease,	   the	   presence	   of	  
conditions	  that	  can	  be	  modified	  with	  RRT,	  the	  presence	  of	  comorbilities,	  and	  the	  laboratory	  
tests,	   rather	   than	   single	   BUN	   and	   creatinine	   values	   alone.	   Various	   options	   exist	   for	  
supporting	   the	   lost	   renal	   function	   in	  AKI	  patients,	   and	   selection	   involves	  evaluation	  of	   the	  
patient's	  overall	  condition	  together	  with	  hemodynamic	  and	  laboratory	  status83.	  	  However	  it	  
is	   important	  to	  establish	  reproducible	  criteria	   (e.g.	  biomarker	   level,	   fluid	  overload,	  severity	  
score)	   to	   support	   the	   decision	   to	   start	   RRT	   in	   AKI	   patients	   and	   to	   predict	   its	   successful	  
discontinuation.	  	  
	  
THERAPIES	  ON	  INVESTIGATION	  
1)	  FENOLDOPAM	  
Fenoldopam	  is	  a	  pure	  dopamine	  type-­‐1	  receptor	  agonist	  that	  has	  similar	  hemodynamic	  renal	  
effects	   as	   low-­‐dose	   dopamine	   but	  without	   systemic	   alpha	   or	   beta-­‐adrenergic	   stimulation.	  
Recent	  data	  suggest	   that	   fenoldopam	  may	  have	  multiple	  protective	  effects,	   including	  anti-­‐
inflammatory	   effects	   independent	   of	   any	   vasodilatory	   action.	   However,	   as	   an	   anti-­‐
hypertensive	   drug,	   it	   has	   a	   significant	   risk	   of	   hypotension84.	   Further	   large	   studies	   are	  
required	  to	  determine	  if	  it	  is	  an	  effective	  renoprotective	  agent.	  
	  
	  
2)	  NATRIURETIC	  PEPTIDES	  
Atrial	   natriuretic	   peptide	   (ANP)	   is	   a	   28-­‐amino-­‐acid	   peptide	   with	   diuretic,	   natriuretic,	   and	  
vasodilatory	   activity.	   Previous	   animal	   studies	   showed	   that	   ANP	   decreases	   preglomerular	  
vascular	  resistance	  and	  increases	  postglomerular	  vascular	  resistance,	  thereby	  increasing	  GFR.	  
Increases	   in	  GFR	  and	  diuresis	  have	  also	  been	  confirmed	  in	  clinical	  studies,	  preserving	  renal	  
function	   in	   patients	   undergoing	   coronary	   artery	   bypass	   surgery	   or	   abdominal	   aortic	  
aneurysm	   repair63	  77	  85.	   A	   recent	   study	   in	   a	   rat	  model	   demonstrated	   that	   hANP	  attenuates	  
renal	  injury	  induced	  by	  ischemia-­‐reperfusion	  by	  attenuation	  of	  intrarenal	  Ang	  II	  production,	  
activation	   of	   the	   intrarenal	   RAS	   and	   Ang-­‐II-­‐induced	   increases	   in	   mitochondrial	   oxygen	  
consumption	  in	  kidney	  tissues63.	  
	  
3)	  RENALASE	  
Elevated	   levels	   of	   plasma	   catecholamines	   accompany	   ischemic	   AKI,	   contributing	   the	  
inflammatory	   response86.	   Renalase	   is	   a	   flavin	   adenine	   dinucleotide-­‐dependent	   amine	  
oxidase	  synthesized	  by	  the	  renal	  proximal	  tubules	  that	  degrades	  circulating	  catecholamines	  
and	   regulates	   systemic	   blood	   pressure87.	   It	   also	   may	   protect	   against	   inflammatory	   tissue	  
injury	  by	  metabolizing	  catecholamines.	  A	  recent	  study	  in	  rats	  showed	  that	  administration	  of	  
recombinant	  renalase	  provides	  powerful	  renal	  protection	  against	  ischemic	  AKI	  by	  decreasing	  
necrosis,	   apoptosis	   and	   inflammation	   of	   the	   renal	   cells86.	   In	   addition,	   as	   plasma	   renalase	  
decreases	   after	   ischemic	   AKI,	   it	   may	   be	   useful	   as	   a	   novel	   biomarker	   of	   AKI88.	   These	   data	  
together	  suggest	  that	  it	  may	  have	  potential	  for	  the	  prevention	  and	  treatment	  of	  AKI.	  
	  
4)	  REMOTE	  ISCHEMIC	  PRECONDITIONING	  
Remote	   ischemic	  preconditioning	  elicited	  by	  brief	  episodes	  of	   ischemia	  and	   reperfusion	   in	  
distant	  tissue	  may	  provide	  protection	  from	  subsequent	  injury89.	  It	  may	  attenuate	  renal	  injury	  
by	  inducing	  the	  release	  of	  several	  molecules	  such	  as	  damage	  associated	  molecular	  patterns	  
that	   are	   then	   filtered	   by	   the	   kidney	   and	   signal	   through	   Toll-­‐like	   receptors	   in	   the	   proximal	  
tubule	  epithelia,	  which	  may	  stimulate	  natural	  defenses90.	  These	  defenses	  can	  then	  protect	  
the	  kidney	  during	  subsequent	  inflammatory	  or	  ischemic	  stress.	  
Zarbock	  and	  colleagues	  demonstrated	  that	  ischemic	  preconditioning	  compared	  with	  control	  
significantly	  reduced	  the	  rate	  of	  AKI	  and	  the	  use	  of	  RRT	  patients	  undergoing	  cardiac	  surgery	  	  
at	  high	  risk	  of	  AKI89.	  However,	   further	  studies	  confirming	  these	  findings	  are	  needed	  before	  
the	  general	  implementation	  of	  this	  procedure.	  
	  
PROGNOSIS	  AND	  PREVENTION	  
Recovery	  from	  AKI	   is	  variable	  and	  depends	  on	  several	  factors	  such	  as	  etiology	  and	  severity	  
and	  duration	  of	  AKI91.	   	  Prerenal	  azotemia	  and	  postrenal	  azotemia	  carry	  a	  better	  prognosis	  
than	  most	   cases	   of	   intrinsic	  AKI.	   The	  only	   exceptions	   are	   the	   cardiorenal	   and	  hepatorenal	  
syndromes.	  
	  AKI	   is	   irreversible	   in	   approximately	   5%	   to	   7%	   of	   adults	   and	   as	   many	   as	   16%	   of	   elderly	  
patients17.	  Patients	  with	  AKI	  have	  a	  higher	  risk	  of	  developing	  CKD	  in	  the	  future	  and	  they	  are	  
also	  at	  higher	  risk	  of	  death4.	  A	  significant	  number	  of	  patients	  die	  from	  the	  complications	  and	  
not	  because	  of	  the	  disease	  itself.	  In	  the	  particular	  case	  of	  ischemic	  AKI,	  this	  disease	  can	  have	  
distant	  effects	   that	   can	   induce	   significant	   changes	   in	   the	   function	  of	  other	  organs.	   Several	  
studies	  have	  shown	  the	  effects	  of	  renal	  ischemia	  on	  cardiac	  tissues,	  lungs	  and	  brain19.	  
Besides	   the	   high	   rates	   of	  mortality	   and	  morbidity,	   AKI	   is	   also	   associated	  with	   significantly	  
longer	  length	  of	  hospital	  stay	  and	  increased	  cost.	  It	  is	  important	  for	  primary	  care	  physicians	  






AKI	   is	   a	   problem	   of	   epidemic	   proportions	   associated	   with	   high	   rates	   of	   mortality	   and	  
morbidity	  and	  increased	  resource	  utilization.	  Several	  factors	  are	  implied	  in	  these	  high	  rates.	  
One	   of	   them	   is	   the	   fact	   that	   AKI	   is	   a	   disease	   with	   heterogeneous	   presentation	   and	   with	  
multiple	  and	  related	  causes,	  which	  difficult	  the	  early	  diagnosis.	  	  
It	   is	   crucial	   to	   identify	   and	   treat	   the	  underlying	   illness	   since	   treatment	  approaches	   for	  AKI	  
vary	   according	   to	   the	   type	   of	   insult.	   Besides	   supportive	   care	   and	   treatment	   of	   underlying	  
medical	   conditions,	   no	   specific	   therapeutic	   agent	   has	   been	   shown	   to	   be	   effective	   in	   the	  
treatment	  of	  ischemic	  AKI.	  	  
Given	   the	   lack	   of	   effective	   therapy	   and	   the	   mortality	   of	   this	   disease,	   it	   is	   needed	   better	  
understanding	   of	   the	   molecular,	   cellular	   and	   genetic	   aspects	   involved	   in	   kidney	   injury	   in	  
order	  to	  develop	  more	  target	  therapies	  to	  prevent	  injury	  and	  hasten	  repair.	  In	  the	  particular	  
case	   of	   the	   pathophysiology	   of	   ischemic	   AKI,	   it	   is	   known	   that	   it	   involves	   hemodynamic	  
alterations,	   inflammation	   and	   direct	   injury	   to	   the	   tubular	   epithelium.	   Epithelial	   cell	   injury	  
lead	  to	   functional	  alterations	  through	  direct	   failure	  of	   the	  cells	   to	  transport	  molecules	  and	  
ions,	  or	  in	  a	  indirect	  way,	  mediating	  a	  decrease	  in	  GFR.	  They	  can	  also	  influence	  the	  function	  
of	   endothelial	   cells	   by	   releasing	   cytokines	   and	   other	   mediators.	   Interactions	   between	  
endothelial	   cells	   and	   leukocytes	   contribute	   to	   continued	   hypoxia,	   inflammation,	   and	  	  
epithelial	   cell	   injury	  and	  dysfunction.	   .	  Numerous	   therapeutic	   targets	  have	  been	   identified	  
that	  prevent	  or	  limit	  ongoing	  injury.	  Inflammation	  is	  an	  important	  component	  of	  this	  disease	  
and	   therefore	   an	   important	   target	   for	   novel	   therapies.	   However,	   it	   might	   be	   that	   new	  
strategies	   to	   treat	   or	   prevent	   AKI	   will	   require	   the	   use	   of	   compounds	   that	   affect	  multiple	  
pathways	   or	   combination	   therapy	   that	   targets	   several	   areas,	   rather	   than	   one.	   Additional	  
approaches	  to	  improve	  repair	  and	  minimize	  fibrosis	  and	  vascular	  dropout	  will	  also	  be	  critical	  
in	  limiting	  the	  development	  of	  CKD,	  a	  common	  complication	  of	  AKI.	  	  
Effectiveness	  of	  therapy	  may	  also	  be	  enhanced	  by	  novel	  biomarkers.	  Nowadays,	  sCr	  and	  GFR	  
are	   the	   main	   parameters	   used	   to	   diagnose	   AKI.	   However	   they	   have	   several	   limitations	  
including	   low	   sensitivity	   and	   specificity.	   Novel	   biomarkers	   can	   detect	   kidney	   injury	   earlier	  
than	  sCr	  and	  GFR	  and	  therefore	  improve	  treatment.	  	  
More	  than	  20	  AKI	  biomarkers	  such	  as	  NGAL,	  KIM-­‐1,	  cystatin-­‐C	  and	  others	  have	  already	  been	  
studied	  and	  proved	  extremely	  valuable,	  especially	  in	  ischemic	  injury.	  However,	  more	  clinical	  
studies	  will	  be	  required	  to	  prove	  their	  true	  superiority	  and	  cost	  effectivity.	  
Since	  AKI	  is	  common	  and	  harmful	  all	  efforts	  should	  be	  focused	  on	  minimizing	  the	  causes	  of	  
AKI,	  establish	  more	  uniform	  diagnosis	  criteria	  and	  develop	  biomarkers	  that	  contribute	  to	  an	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